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Enhancing Student Learning of Global Warming
Through Reflective Writing
Liang Zeng, The University of Texas-Rio Grande Valley, Edinburg, TX
Guang Zeng, Texas A&M University-Corpus Christi, Corpus Christi, TX

T

he National Academy of Science has published studies
showing strong scientific evidence that global warming is caused by human consumption of fossil fuels,1
yet recent surveys have shown young adults in the U.S. are disengaged or disagree with this fact.2-4 Accordingly, the United
Nations Educational, Scientific, and Cultural Organization
(UNESCO) published learning objectives to educate the
world population on global warming and renewable energy by
2030.5 In this paper, we introduce a reflective writing activity
physics educators can employ to foster a deeper understanding of global warming in introductory college physics and
physical science courses, without overloading their teaching
time.
A survey by the Pew Research Center in 2015 revealed 37%
of U.S. adults did not believe “scientists generally agree that
the Earth is getting warmer due to human activity.”2 Similarly,
the Longitudinal Study of American Youth in 2012 found 41%
of young adults in Generation X are disengaged with the topic
of climate change, 6% are doubtful of the fact, and 4% are dismissive.3 Research conducted on Millennials’ perspectives on
global warming in 2018 found they were not more concerned
about global warming than older Americans.4
Science published another study in 2016 stating 31%
of public school science teachers are teaching that climate
change is due to natural causes as well as human causes, which
contradicts current scientific evidence.6 All these statistics
behoove physics educators to effectively educate our students
on the scientific evidence for global warming in introductory
physics and physical science courses, which can have high enrollment from a variety of disciplines at a large university.
Introductory physics courses conventionally cover energy,
temperature, and heat; some textbooks use global warming
and greenhouse effects to explain these concepts. Since many
students in introductory physics courses plan on becoming
schoolteachers, and Next Generation Science Standards requires middle and high school students demonstrate an understanding of global climate change,7 global warming should
be taught in these courses.
Yet, we found little research on effectively educating students on global warming in introductory physics courses: Nathan and Loxsom developed a one-credit laboratory course at
their university that contains 13 topics on sustainable energy
such as solar heat and wind power.8 Keefe used historic energy
consumption data from U.S. Department of Energy to show
students energy use and policies in the U.S.9 In this paper, we
report how instructors can easily implement a reflective writing assignment to engage students in deeper learning on both
the technical and societal issues of global warming.
According to Cheng and Chan, reflective writing is “an
analytical practice that allows the writer to develop an understanding of and assign meaning to the events that the person
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encounters.”10 It has been widely used across disciplines to
increase students’ metacognition and subsequently catalyze
further study and deepen conceptual understandings.11-13 We
hope that by conducting this study, we can encourage students
to consolidate their own knowledge on global warming, dialogue with themselves, and forge real-world links with physics
concepts through reflective writing.
From 2015-2019, the first researcher required students enrolled in her introductory physics and physical science courses at the University of Texas-Rio Grande Valley to write a reflective essay on global warming. Located on the U.S.-Mexico
border, this university is a four-year public minority-serving
institution with approximately 29,000 students. As the courses
are part of the Natural Science Core Curriculum, the specific
topic of “global warming” has been added to one of the five
learning outcomes. This learning outcome now reads: “To
demonstrate knowledge of the major issues and problems facing modern science, including issues that touch upon ethics,
values, global warming, and public policies.”
After covering the topic of energy in class, the instructor
assigned her students to research credible sources on global
warming outside of class and submit their essays at the end of
the semester. This allowed students a month to reflect on the
topic and did not overload in-class teaching time. To help students reflect, the following prompts have been provided:
1. Define Global Warming.
2. Learning Objectives:
a. Show your understanding of global warming. You may refer to the following website:
https://nas-sites.org/americasclimatechoices/videos-multimedia.
b. Articulate the status quo of the energy
consumptions in the U.S.
c. Elaborate on renewable/green energy
resources that you know of.
3. Civic Context: Discuss how the global warming issue
impacts future generations.
4. Learning Goal: Express your own ideas as a responsible citizen on how to contribute to the solution of global
warming.
The first author also provided the following guidelines for
writing the essay: “Record new knowledge you have learned
and new connections you have made to global warming issues. The suggested length is three to five pages, but there is
no page limit.”
Furthermore, the first author provided students the following references: a 20-minute video presented by the university’s Research & Instruction Librarian on how to search
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journal databases and evaluate information sources on climate change; 11 different critical reading and college paper
writing textbooks placed on reserve at the university library;
and a grading rubric on the essay (https://faculty.utrgv.edu/lz/
reflective-writing.htm). Sharing the grading rubric with students can potentially improve students’ levels of reflection.10
In addition, the first author stressed the usefulness of the institution’s writing centers.

are solar energy and wind energy. About 90% of students also
mentioned hydropower energy, ocean wave energy, fuel cells,
and nuclear energy. A couple of students pointed out green
energy options might be inaccessible due to costs. Several
others remarked that the government should subsidize these
industries instead of the oil companies. Furthermore, a few
students suggested aeolic energy as a local solution here in
South Texas because of the open space and strong winds.

Analysis of student learning

Ideas on how to contribute to the solutions of global
warming
Common applications that students want to implement
immediately at the personal level include:

Bloom’s taxonomy is a hierarchy of cognitive processes
which include six categories in increasing order of complexity:
remember, understand, apply, analyze, evaluate, and create.14
Analysis of student writing, guided by Bloom’s taxonomy, is
focused on the following learning aspects:
Understanding of global warming
According to the 228-student data between 2018-2019,
almost all students were able to explain their Understanding
of Global Warming through defining, paraphrasing, or providing examples of global warming. For instance, one student
wrote:
“Since the 1900’s the Earth has increased its
atmosphere carbon dioxide concentration by
40%. During the same time interval, surface
temperature has increased by 0.8 degrees Celsius.
Sea levels have been recorded to be rising and the
ice caps have been melting as well. This shows a
direct correlation of greenhouse emissions and
global warming. In turn it also shows the relationship between fossil fuel consumption and climate
change.”
Other students commented on the decline of animal
populations such as penguins, walruses, fish, and even some
plant life. Some expressed there are noticeable changes as the
summers become hotter each year and remarked humanity
is running out of time to meet the UN goal on cutting back
on global emissions by 50% by 2030. One biology student
witnessed the devastation of climate change firsthand while
taking photos of wildlife for the past five years.
Articulating energy consumption of fossil fuels in
the U.S.
Most students compared and contrasted energy consumption in various sectors in the U.S. and within the global
context. Almost all students expressed concerns about fossil
fuels comprising the largest energy resources (about 63%) in
the country. Some students commented that shifting from the
dominant energy-producing form to another form (such as
nuclear energy) will not be easy due to different production
processes.
Elaborating on alternative/renewable energy
resources
Two renewable energy forms all students elaborated on

					

• Transportation (bicycling, carpooling)
• Electricity use (open windows to cool a room, use LED
lights, conserve light and water, reduce device use)
• Recycling (grocery bags, water bottles, and major items
such as printers and computer monitors)
Students also want to be an active part of bigger government
or community-level interventions including promoting government green policy, educating people at all grade levels, and
advocating against the use of fossil fuels.
The ideas raised by the students correlate with their fields
of study to some extent. A significant number of students
from physics and engineering disciplines suggested buying
hybrid or electric cars as well as products from eco-friendly
factories; installing solar roofs, green architecture, and regenerative braking systems; and planting trees. A few students
pointed out expensive electric car costs and their reliance on
electric power, which may be produced with the use of fossil
fuels. One student commented he liked the reasonable prices
for riding on electric buses and the electric scooters in larger
cities such as San Antonio. Students in life science-related disciplines proposed buying local organic food and vegetables,
cutting pesticides, using less non-biodegradable products,
reducing transportation costs, and thrifting. In addition, these
students mentioned documentaries should be made to be
broadcasted on popular streaming services such as Netflix.
Students from non-science disciplines had ideas as diverse as
their fields, including using public transportation and power
strips, adjusting devices to lower power mode settings, and
insulating houses efficiently.
Information sources
The number of credible sources students researched exceeded our expectations. They cited information from various
academic journals they found from journal databases such as
JSTOR and ScienceDirect. They also collected information
from reliable websites of government agencies, companies,
and organizations such as NASA, Department of Energy, National Geographic, The Royal Society, and Climate Council of
Australian government.
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Conclusion
Most students scored between four and five points on this
reflective essay. Feedback from a quick questionnaire showed
almost all students agreed the essay assignment led them to
study material they otherwise would not have. They stated
the assignment challenged them to form their own ideas and
commented they would otherwise not have been aware of,
known about, or interested in the topic of global warming.
As demonstrated by students constructing their own
knowledge on global warming and applying it to real-world
issues, reflective writing enabled introductory physics students to reach a higher-order level of thinking.14 Due to
global warming’s relevance to energy, it stands to reason that
physics instructors should incorporate reflective writing to
foster student learning on this critical, societal issue.
References
1. National Research Council of the National Academies, Climate
Change: Evidence, Impact, and Choices (National Academy of
Sciences, 2012).
2. Pew Research Center, “Public and scientists’ views on science
and society” (Jan. 2015), https://www.pewresearch.org/science/2015/01/29/public-and-scientists-views-on-science-andsociety/.
3. Jon D. Miller, “Climate change: Generation X attitudes, interest,
and understanding,” The Generation X Report 1 (4), 1–7 (Summer 2012).
4. Shruti Kuppa, Do Millennials See Climate Change as More Than
Just a Meme? (Johns Hopkins University, Energy Policy and Climate Program, Washington, DC).
5. UNESCO, Education for Sustainable Development Goals: Learning Objectives (UNESCO, Paris, 2017).
6. Eric Plutzer, Mark McCaffrey, A. Lee Hannah, Joshua Rosenau,

708

Minda Berbeco, and Ann H. Reid, “Climate confusion among
U.S. teachers,” Science 351 (6274), 664–665 (Feb. 2016).
NGSS Lead States, Next Generation Science Standards: For
States, By States (The National Academies Press, Washington,
DC, 2013).
Stephen A. Nathan and Fred Loxsom, “A sustainable energy laboratory for non-science majors,” Phys. Teach. 54, 420–422 (Oct.
2016).
Paul Keefe, “Developing an energy policy of the United States,”
Phys. Teach. 52, 552–553 (Dec. 2014).
Michelle W. T. Cheng and Cecillia K. Y. Chan, “An experimental
test: Using rubrics for reflective writing to develop reflection,”
Stud. Educ. Eval. 61, 176–182 (2019).
Liv Karin Bjerkvik and Yvonne Hilli, “Reflective writing in
undergraduate clinical nursing education: A literature review,”
Nurse Educ. Pract. 35, 32–41 (2019).
Koray Gelmez and Humanur Bagli, “Exploring the functions of
reflective writing in the design studio: A study from the point
of view of students,” Art Design Comm. High. Educ. 17 (2),
177–197 (2018).
Joseph El-Helou and Calvin S. Kalman, “Reflective writing for
a better understanding of scientific concepts in high school,”
Phys. Teach. 56, 88–91 (Feb. 2018).
B. S. Bloom, Taxonomy of Educational Objectives, Handbook
I: The Cognitive Domain (David McKay Company, New York,
1956).

7.
8.
9.
10.
11.
12.

13.
14.

Liang Zeng is a professor of physics education research. She has 25
years of experience in physics and education research, teaching, outreach,
and administration.
liang.zeng@utrgv.edu
Guang Zeng is an associate professor of quantitative research methodology. She has served as a doctoral advisor for over a decade.
guang.zeng@tamucc.edu

THE PHYSICS TEACHER ◆ Vol. 59, D ecember 2021

